A new analysis of parity violation in atomic cesium has led to the improved value of the weak charge, Q W (Cs) = −72.06 ± 0.46. The implications of this result for constraining the Peskin-Takeuchi parameters S and T and for guiding searches for new Z bosons are discussed.
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1. We use a new, more precise value α −1 (M Z ) = 128.933 ± 0.021 [29] .
2. The nominal top quark mass is now taken to be 173.9 GeV/c 2 ; the nominal Higgs mass continues to be 300 GeV/c 2 . This permits us to use the calculations of Ref. [14] for several quantities, including M W , Γ ℓℓ (Z), and sin 2 θ lept eff .
3. The fits are performed both with and without the new Cs data [2] , in order to estimate their impact. 5. We take account of a new measurement of the neutral-current to charged-current ratio in deep inelastic neutrino scattering [23] . We present the result of this measurement, as well as that of a previous one [22] , in terms of an effective W mass corrected for our nominal values of m t and m H . This correction amounts to −0.02 GeV/c 2 for [23] and +0.01 GeV/c 2 for [22] . The S and T coefficients differ from those in M W since NuTeV measures the Paschos-Wolfenstein [30] ratio
6. The precision of the LEP I values for Γ ℓℓ (Z) and sin 2 θ lept eff [24] , the SLD value of sin 2 θ lept eff [25] , and the top quark mass measurement [26] continues to improve. In our analysis we have combined the values of sin 2 θ lept eff from LEP I and SLD, with a scale factor [31] of √ χ 2 = 2.77, and added in quadrature an error on the predicted value of ±0.00009 due to the error in α(M Z ), to obtain a value sin 2 θ lept eff = 0.23153 ± 0.00048 used as a single input to the fit. The results are shown in Figs. 1 and 2 . In Fig. 1 we have not imposed the constraint of the top quark mass, while in Fig. 2 this constraint has been included.
The central values S 0 and T 0 implied by each of the fits are summarized in Table  2 . We do not fit separately for the Peskin-Takeuchi parameter U, but set it equal In the absence of the m t constraint (Fig. 1) , the new Cs analysis leads to a small shift of the overall fit away from predictions of the standard electroweak theory for the minimum acceptable Higgs boson mass (roughly 95 GeV/c 2 [32] ). The change in the central value of the parameter S is −0.12. In the presence of the m t constraint (Fig. 2) , the fit is affected only very slightly by the Cs result. The observed value of Q W then differs from the predicted value by 2.4 standard deviations. Strictly speaking, we should have omitted the Tl results from the fits when omitting Cs. However, their impact is much smaller than that of Cs.
We now explore the implications of the small discrepancy between the observed and predicted values of Q W (Cs) in terms of an extra Z, as suggested in Refs. [10] and [12] . Our results differ slightly from those of Ref. [15] as a consequence of a different standard-model prediction for Q W .
We consider a Z ′ which is a linear combination of the Z χ and Z ψ [33] , two neutral bosons which arise in E 6 theories: Z ′ = Z ψ cos φ + Z χ sin φ. Here φ is the angle called θ in Ref. [34] . The Z ψ is the gauge boson associated with the symmetry U(1) ψ when E 6 breaks down to SO(10) × U(1) ψ ; the Z χ is the gauge boson associated with the symmetry U(1) χ when SO(10) breaks down to SU(5) × U(1) χ . The change in Q W at tree level due to an unmixed Z ′ is then [12] 
In order to fit the positive value of ∆Q new W tree = 1.10 ± 0.46, we need φ to lie between tan −1 (5/3) 1/2 = 52.2 • and 180 • . The corresponding values of M Z ′ leading to such a contribution are shown for the central value and ±1σ limits on Q W by the curves in Fig. 3 . Typical direct lower limits from the CDF Collaboration on masses of a Z ′ depend to some extent on φ, but lie around 600 GeV/c 2 [28, 35] . At the 1σ level, one can thus account for the discrepancy between the observed and predicted values of Q W (Cs) for values of φ between about 70 • and 160 • . This includes the values φ = 90 • (Z ′ = Z χ ) and φ = 127.8 • (Z ′ = Z I , where the subscript denotes an "inert" SU(2) subgroup of E 6 [33, 36] in the decomposition E 6 → SU(6) ⊗ SU(2) I .)
To conclude, reanalysis of an atomic parity violation experiment in Cs [2] affects fits of electroweak parameters to a small but perceptible degree, when information on the top quark mass is not included. When this information is added, however, the fits are nearly independent of the Cs result, which differs from the standard model prediction by 2.4 standard deviations. This difference can be reproduced by the inclusion of a new Z ′ , lying above present experimental limits of about 600 GeV/c 2 in mass, for a range of the parameter 70 • ≤ φ ≤ 160 • characterizing the new boson. If it exists at a mass accessible to Run II of the Fermilab Tevatron, this boson must be very weakly mixed with the standard Z in order to avoid a number of constraints associated with precision electroweak observables [28] .
Despite the consistency of the new measurements in Cs with more precisely specified matrix elements [2] , a calculation of atomic physics effects in Cs whose accuracy matches that of the experimental measurement is sorely needed. The last such calculations [5] need to be extended to higher order in many-body perturbation theory to confirm the optimism inherent in the small theoretical error quoted in Ref. [2] . An improved determination of the neutron charge radius in Cs also would be helpful, since present uncertainty in this quantity may constitute an error at least as large as that (∆Q W ≃ 0.1) associated with electroweak radiative corrections [37, 38] . There is room for considerable improvement in the overall error on Q W (Cs) if this program proves successful.
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